In order to ensure superiority of fuel and improve start and stop performance of hybrid electric vehicle, battery is used in the system. Limited by vehicle's size, traditional hybrid electric vehicles can only carry a limited number of batteries, resulting in a relatively short running distance in one battery charge cycle. To improve energy using efficiency and increase vehicle safety, composite power based on lithium ion battery and super capacitor is proposed in this paper. Super capacitor parameter is designed according to hybrid electric vehicle regenerative braking model based on Matlab simulation. The experiment is also evaluated based on the composite power. Results show that both motor and power can work well and super capacitor can absorb the regenerative braking energy of hybrid electric vehicle greatly.
INTRODUCTION
In order to meet the developmental needs of the modern society, today's vehicle is moving towards the concept of energy saving, environmental protection and security. In our country, in terms of energy status, development of a new generation of energy-saving and environment-friendly vehicle is very important, which means that automotive industry could get rid of excessive dependence on petroleum to a great extent and can realize the diversification of vehicle energy; Develop HEV (Hybrid Electric Vehicle) is one of the best paths to solve this problem [1] [2] [3] but battery capacity, system utilization efficiency and other aspects lead to a short electric mileage, which has limited its development.
Although of low battery capacity, low efficiency of the system and low efficiency of driving lead the HEV to a short mileage, frequent brake and inability of brake energy to recover under complex city conditions is also one of the important reasons. After research and analysis, it is found that energy used for friction brake is about 30% of the total. Therefore, the rational use of electric brake instead of friction brake, not only provides an auxiliary brake function for HEV, which can improve vehicle braking performance and increase safety of vehicle, but also can save energy through regenerative brake. The recovered energy can further be absorbed by the battery and can extend HEV running distance.
In the traditional regenerative braking system, the commonly used part in the system is the battery, which can be charged by feedback regenerative braking energy. Its principle is shown in Fig. (1) .
*Address correspondence to this author at the Department of Electrical and Information Engineering, Tongling University, Cuihu Road, Tongling, 214000, China; Tel: 13013801792; E-mail: zhm20060616@163.com Although HEV regenerative braking technology based on battery has rapidly developed in recent years, battery technology still hampers the development of high efficiency HEV brake regeneration technology [4] [5] [6] . The existing problems are mainly as follows: 
1)
Low power density: limited by the discharging ratio of battery, the battery only can charge and discharge with a small current under frequent HEV braking status. Thus, battery used in the system must absorb the regenerative braking energy in a short time which means that the battery must be charged by high level current. This however conflicts with battery's inner charging characteristics and renders the battery unable to meet the requirement of the vehicle's dynamic performance. If the battery is forced to be charged with a large current for a long time, it is bound to cause damage to the battery, which can seriously affect the life of the battery. If the number of battery is increased for absorbing the braking energy, it is bound to increase the complexity of battery management, in turn increasing the cost of vehicle.
2) Limited charge cycle: The vehicle's frequent acceleration and deceleration in complicated working condition increase charging and discharging time of the battery, which in turn reduces the charge cycle of the battery affecting its performance.
3)
Poor low temperature performance: Under low temperature, the battery cannot fully absorb the regenerative braking energy and is unable to achieve the goal of increasing HEV running distance.
According to the situation, a new regenerative braking based on composite power supply is proposed in the paper, which not only can meet the HEV power system energy requirements but also can effectively absorb HEV regenerative braking energy increasing HEV electric driving distance.
NEW HEV DRIVE SYSTEM BASED ON COMPOSITE POWER SUPPLY
Fig. (2) shows a new type of HEV drive system powered by lithium ion battery and super capacitor [7] [8] [9] [10] [11] . In order to increase the calculation capability of the system, TMS320F2812 is used in the system instead of TMS320LF2407A as the controller core which is a famous DSP produced by TI Company. The DSP accepts the sensor signal and then determines the starting, acceleration, deceleration and brake of the vehicle. At the starting point, the system requires big acceleration, using the special characteristic of super capacitor which causes the supply of a large current in a very short time, due to which the controller can drive the motor in a high speed quickly; if the vehicle runs with engine in high pollution area, and controller turns off the engine, high power density lithium ion battery will begin to work, providing energy for the motor so that it can make the vehicle running; In high speed area, if the battery cannot supply the energy that the vehicle needs, the engine will turn on again and battery and super capacitor will also begin to work enabling the engine and motor to supply composite torque in order to drive the vehicle; When the vehicle is in a need to brake, the motor begins to work in the state of generator and feedback energy is changed to electric power letting the super capacitor absorb it in a short time. This method can greatly improve the utilization rate of energy storage. In the system, super capacitor not only supplies energy to boost the engine torque, making the system work in a high efficiency, outputting a larger power, obviously reducing exhaust emissions and noise but also can absorb energy from braking which can further reduce vehicle's energy consumption. It can be said that in the system, the super capacitor plays a very important role and its performance and parameters are directly related to the performance of the final system.
STUDY ON THE BRAKING MODEL OF HEV

Dynamic Model of HEV
When a vehicle runs on a road, it overcomes the rolling resistance of tire from the ground and air resistance formed by the interaction between the body and the air. When the vehicle is in a slope, it also overcomes the slope component of gravity, which is called the slope resistance. When the vehicle is on acceleration in a line, it must overcome the inertia force of the car itself, which is called accelerated resistance. Therefore, the total resistance of the vehicle in running can be expressed as formula 1:
In formula 1: F f , rolling resistance; F w , air resistance; F i , slope resistance; F j , accelerated resistance; In formula 1, rolling resistance and air resistance may exist in any driving condition while slope resistance and acceleration resistance only exist in some special conditions.
HVE Braking Model
Hypothesis: the resistance of HEV movement is f, and the regenerative braking energy for recyclable can be expressed as formula 2: 
In formula 3: !! x , the vehicle acceleration( m / s 2 ); B, braking force(N);
The vehicle running characteristics are shown in Fig. (3) . Fig. (3) . Characteristic of vehicle running.
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Assuming the vehicle brakes at an even road, when the vehicle is running in the stage from V 0 to V 1 , its motion equation can be expressed as follows:
Assuming that the automobile accelerates on an even road, when the vehicle is running in the stage from V 1 to stop, its motion equation can be expressed as follows:
Accordingly, HEV dynamics model is obtained as follows:
The Recovery Energy in HEV Braking
According to the hybrid electric vehicle braking, dynamic model is expressed in formula 6. MATLAB is used to establish the braking model as shown in Fig. (4) . From calculation, HEV braking characteristics obtained are shown in Table 1 .
SUPER CAPACITOR PARAMETERS BASED ON REGENERATIVE BRAKING
In order to absorb the maximization braking energy, hypothesis of the process of absorption proposes that the battery at an optimal state can absorb a part of feedback energy, and super capacitor in an energy deficiency state can absorb most of the braking energy regeneration by motor, accounting for about 80% of the total energy. Fig. (4) . Model of HEV braking based on matlab. According to the characteristics of super capacitor, its energy storage can be expressed as:
In formula 7: E , super capacitor energy storage(J); C, super capacitor capacity( F); 1 U , voltage of super capacitor after charging(V); 2 U , voltage of super capacitor before charging(V).
According to formula 7:
The values of the super capacitor parameters can be assumed as follows:
From calculation, the reference of super capacitor capacitance is shown in Table 2 . 
EXPERIMENT
According to design, composite power supply based on super capacitor and lithium ion battery supply energy to fulfill digital HEV driving system and the test platform is shown in Fig. (5) . Fig. (6) presents waveforms of three-phase motor current. As can be seen from the graph, both the amplitude and position of three phase current are constant, which means that the motor can work well and the energy system can display a good performance.
In energy test experiment, let lithium ion battery and super capacitor supply energy to permanent magnet synchronous motor respectively. Fig. (7) shows the current waveform when the super capacitor instead of lithium ion supplies the energy to the battery in a short time. As can be seen from the graph, in the moment of energy switching, motor current almost shows no change. This therefore fully meets the requirements of HEV. (8) shows the relationship between capacitor voltage and motor speed in acceleration. As can be seen from the graph, when motor speed needs to increase in a short time, super capacitor supplies a large instantaneous transient power and with the help of capacitor, the vehicle gets a very large acceleration, getting rid of the excessive demand of engine and reducing emissions of pollutants. 9) shows the relationship between super capacitor voltage and motor speed in deceleration. As can be seen from the graph, when motor speed is in a need to decrease in a short time, super capacitor absorbs a large instantaneous transient power. When the super capacitor voltage is close to protection upper limit, TMS320f2812 cuts off the BUCK control signal and at the same time, opens up pumping circuit in order to protect the DC bus. With the help of the capacitor, the vehicle releases large amounts of energy, not only getting rid of the excessive demand for battery and reducing the amount of harm to the battery, but also reducing the effect of braking distance on deceleration , in turn increasing the safety of the vehicle. In the stage of energy feedback, the super capacitor is charged by a large current through the buck circuit. Waveforms of charging current are shown in Fig. (10) . As can be seen from the graph, the charging current is about 10A, current value is constant, and the pulse of the current is also very small. Increasing the charge time, the rapid rise of feedback energy is absorbed by the super capacitor. The relationship of MOSFEF voltage and super capacitor voltage is shown in Fig. (11) . As can be seen from the diagram, when the super capacitor voltage increases over the limit of protection, after a delay of about 100ms, the MOSFET gate drive signal changes from high level to low level, and quickly turns off the charging path, effectively protecting the capacitor. 
CONCLUSION
1)
Composite energy comprising of super capacitor can make the engine avoid working in polluted areas and can effectively improve the dynamic performance of HEV, reducing the pollution in the environment.
2)
Composite power with super capacitor can absorb feedback energy effectively in regenerative braking, which greatly improves the utilization of energy .
